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Survival strategy of Toxoplasma gondii in various human cells.
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Toxoplasma gondii is an obligate intracellular protozoan parasite that can
infect the nucleated cells of all warm-blooded animals including humans. Despite the fact that
immunocompromised patients or pregnant women can cause severe toxoplasmosis when first infected, no
effective curative treatment or prevention techniques have yet been established. In this study, we
elucidated one part of the mechanism by which Toxoplasma latently infects human brain, and
discovered compounds that inhibit the virulence mechanism of T. gondii and latent infection.
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IFN-y stimulation induces T. gondii stage conversion
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the effect of IFN-y on the T. gondii stage conversion. T. gondii cyst wall CST1 formation around bradyzoites in IMR-32 cells
was found only in IFN-y-stimulated cells (A and B).
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The intracellular glutamine concentration is limited in IFN-y-
stimulated T. gondii-infected human neuroblastoma cells
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© IMR—32 cels uninfected or infected with T- gondii ME49 were untreated or treated with IFN-y. The glutamine level in the culture supernatant at 0, 24, and 48 h after
asite infection was measured by ELISA.

Valls are means & SD (iree bological repicates per group from three independent experiments) (A<C). *p <0.05, * p <0.01; NS, not sgnificant; Student’s ttest

IFN-y stimulation induced bradyzoite differentiation only in neuroblastoma cells. Therefore, to elucidate the neuronal cell-
specific response to IFN-y- stimulated T. gondii-infected, we compared the metabolic profiles. As a result, we found that the
intracellular glutamine concentration in IFN-y-stimulated, T. gondu -infected IMR-32 cells were significantly reduced
compared with that in IFN-y-stimulated, non-infected IMR-32 cells (A). We next examined the IFN-y-dependent mRNA
expression of the main glutamine transporters SLC38A1 in IMR-32 cells. Although IFN-y induced SLC38A1 gene
expression in non-infected cells, this expression was inhibited in T. gondiinfected cells (B) In addition, we examined the
glutamine dynamics in the culture medium (extracellular). The extracellular glutamine concentration in the culture medium
of IFN-y-stimulated, T. gondii-infected IMR-32 cells were higher than that of IFN-y-stimulated, non-infected IMR-32 cells (C).
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Glutaminase activity directly affects IFN-y-dependent
T. gondii stage conversion in human neuroblastoma cells
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(Aand B) HFF cells infected with T. gondii ME49 were treated with IFN-y and/or CB-839. Plaques were stained at 4 days post-infection. (A) Plaque sizes were
measured by using the Image J software. (B) Plague numbers of individual strains were counted.
© IMH-GZ ceﬂs \mecled \Mlh T gondiii ME49 were untreated or treated with IFN-y and/or CB-839. The level of intracellular glutamine at 48 h after parasite infection

(D) MR35 aal ol iosod afth T gondi ME49 were treated with IFN-y and/or CB-839. Oyst wall formation was assessed by IFAat 72 h post-nfection. The percentage
of CST1-positive vacuoles was determmi

Values are means =+ SD (three biological repllca(es per group from three independent experiments) (A-D). * p <0.01, ** p<0.01; N.S., not significant; n.d. not
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@Iulamine serves as a bioenergetic substrate for T. gondii growth, suggesting the possibility that glutamine starvation
triggers T. gondii stage conversion. Therefore, we hypothesized that pharmacological inhibition of IFN-y-dependent
glutamine degradation may prevent ﬁlutamme starvation and thereby suppress IFN-y-dependent T. gondii stage conversion
in IMR-32 cells. To test this hypothesis, we examined the effect of CB-839, a selective glutaminase inhibitor on the
intracellular glutamine concentration. At first, we examined the effect of CB-839 treatment on the parasite by using a plaque
assay, and found that CB-839 treatment had no effect on the parasite plaque size or number (A and B). Then, we
examined the effect of CB-839 treatment on IFN-y-dependent T. gondii stage conversion in IMR-32 cells. We found that CB-
839 treatment restored the intracellular glutamine concentration in IFN-y-stimulated, T. gondii-infected IMR-32 cells (C). In

Qddiﬁon, IFN-y-induced T. gondii stage conversion was inhibited by CB-839 treatment (D).
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T. gondii stage conversion is induced in human iPSC-derived
glutamatergic neurons by IFN-y-dependent
intracellular glutamine starvation
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(A) Human iPSC-derived glutamatergic neurons infected with T. gonaii ME49 were untreated or treated with IFN-y andlor CB-839. The level of intraceluiar glutarmine at
48 after parasite infection was measured by ELISA
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(C) KGA SiRNA was transfected into human iPSC-derived glutamatergic neurons. o 48 hours, the expression of KGA in human iPSC-derived glutamatergic neuron
Iysates was detected by Western biotting.
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Glutamatergic neurons produce glutamate, which is one of the most common excitatory neurotransmitters in the CNS. To
confirm the glutamine starvation-induced T. gondii stage conversion in glutamatergic neurons, we differentiated
glutamatergic neurons from human induced pluripotent stem cells (iPSCs). At first, we examined the effect of parasite
infection on intracellular glutamine concentration in iPSC-derived glutamatergic neurons. The intracellular glutamine
concentration in IFN-y-stimulated, T. gondiinfected iPSC-derived glutamatergic neurons was significantly reduced
compared with that in IFN-y-stimulated, non-infected iPSC-derived glutamatergic neurons (A). We next examined the effect
of IFN-y or CB-839 on T. gondii cyst wall CST1 formation in iPSC-derived glutamatergic neurons. We found that CB-839
treatment inhibited IFN-y-induced cyst wall CST1 formation (B). Furthermore, inhibition of IFN-y-induced T. gondii stage
conversion was also observed in glutaminase knockdown iPSC-derived glutamatergic neurons (C and D).
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